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license (http://creativecommons.org/licenseAbstract Background: Rehabilitation of subacute stroke patients represents a major chal-
lenge.
Objective: This study was conducted to examine the effects of mirror therapy on balance abil-
ity among subacute stroke patients.
Methods: The patients were assigned to a mirror therapy group (n Z 17) or a sham therapy
group (n Z 17). Participants in the experimental group received mirror therapy and conven-
tional rehabilitation therapy for a total of 60 minutes (mirror therapy: 30 minutes; conven-
tional rehabilitation therapy: 30 minutes) per day, with a 10 minute rest period halfway
through the session. Participants in the experimental group received training 5 days/week
for 4 weeks. Participants in the control group received sham therapy and conventional rehabil-
itation therapy for a total of 60 minutes (sham therapy: 30 minutes, conventional rehabilita-
tion therapy: 30 minutes) per day on the same day. Balance Index (BI) scores were obtained
using a balance measurement system.
Results: A significant difference in post-training gains for the overall stability index and medial
and lateral stability index was observed between the experimental group and the control group
(p < 0.05).
Conclusion: We conclude that mirror therapy may be beneficial in improving balance ability
among subacute stroke patients.
Copyright ª 2016, Hong Kong Physiotherapy Association. Published by Elsevier (Singapore) Pte
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Stroke, the number one cause of neurological disability
worldwide, is characterised by both cognitive and motor im-
pairments, as well as balance impairment, whichmay lead to
functional dependence and reduced quality of life [1].
In particular, because of abnormal muscle tone, coor-
dination disorder, and associated reactions, hemiplegic
patients experience a considerable decrease of motor
function in affected limbs [1]. The impaired lower ex-
tremity motor function commonly leads to functional limi-
tations and disability [2].
Damage to balance ability after a stroke decreases sta-
bility in the standing position, causing difficulty in walking
and performing functional activities. Hence, balance ability
is the basis for independent movement and functional
performance [3].
Treatments to improve function of stroke patients
include constraint-induced therapy [4], mental imagery
training [5], and robotic-assisted rehabilitation [6]. How-
ever, most intervention protocols are labour intensive,
making the provision of intensive treatment for all patients
difficult.
Mirror therapy, with its low cost and simplicity, may be a
suitable alternative [7,8]. Ramachandran and Rogers-
Ramachandran [9] introduced the use of visual illusions
created by a mirror as a treatment for phantom pain.
A mirror is placed in the patient’s midsagittal plane,
with the unaffected limb in front of it, so that the affected
limb is blocked and the patient can only see the reflection
of the intact limb [10]. Movement of the intact limb gives
the patient the illusion in which inputs are perceived
through the affected limb behind the mirror.
Studies on the effectiveness of mirror therapy in stroke
patients, including a 2012 Cochrane analysis [11], identified
methodologically appropriate randomised controlled trials
[12]. In addition, Altschuler et al [13] implemented mirror
therapy with stroke patients and proved the beneficial ef-
fects of mirror therapy on the range of motion of upper
extremity joints, motion velocity, and accuracy. Sathian
et al [8] found that, after 2 weeks of mirror therapy, a
chronic stroke patient recovered hand function and grip
strength in the paretic limb.
In previous research, mirror therapy focused mainly on
the upper limb functions. However, since damage to lower
limb function after stroke affects the independent daily
functions, more studies are required to explore the issue of
mirror therapy and balance ability which is very much
related to the lower limb functions.
This study was conducted to examine the effect of mirror
therapy on balance ability in subacute patients (onset within
6 months after a stroke).
Methods
Participants
Patients (n Z 60) with stroke were screened for this study
from March 2014 to August 2014. The inclusion criteria
were: (1) sufficient cognitive ability to follow instructions(Mini-Mental State Examination score  24) [14]; (2) only
mild spasticity in all joints of the affected limb (Modified
Ashworth Scale score < 3) [15]; and (3) a higher than fair
score on the Manual Muscle test [16].
The exclusion criteria were: (1) muscular-skeletal dis-
order and operation of the lower extremities; (2) limited
range of motion of the lower extremity; (3) unilateral
neglect, hemianopsia, or apraxia; and (4) psychological or
emotional problems.
Thirty four patients with stroke met the criteria
(Figure 1). The Research Ethics Committee of Eulji Uni-
versity Hospital approved the study, and all participants
provided written informed consent prior to inclusion in the
study. After completion of the initial assessment, the par-
ticipants were randomly assigned to an experimental group
(n Z 17) or a control group (n Z 17). For randomisation,
sealed envelopes were prepared in advance and marked
inside with A or B, indicating the experimental group or the
control group respectively. The randomisation was done by
a third party who was completely unaware of the study
content. The participants’ characteristics and all outcome
measures before and after the treatment were assessed by
Physician 1, who was blinded to the treatment allocations.
The mirror therapy and sham therapy were performed by
Physician 2, who was not involved in the assessment of the
participants, in a closed room. Both physicians were
instructed not to communicate with the participants about
the possible goals or the rationale of either treatment.Intervention
Participants in the experimental group received mirror
therapy and conventional rehabilitation therapy for a total
of 60 minutes (mirror therapy: 30 minutes; conventional
rehabilitation therapy: 30 minutes) per day, with a 10 mi-
nutes rest period halfway through the session. Participants
in the experimental group received training 5 days/week
for 4 weeks. Conventional rehabilitation therapy consists of
neurodevelopmental facilitation techniques. Subjects in
the control group received sham therapy and conventional
rehabilitation therapy for a total of 60 minutes (sham
therapy: 30 minutes, conventional rehabilitation therapy:
30 minutes) per day on the same day.
Mirror therapy was performed using a modified version of
that described in the study by Su¨tbeyaz et al [17]. A mirror
was mounted on a stand tilted toward the paretic side of
the body to prevent the participant from viewing the
paretic limb. For the experimental group, the reflective
surface was kept facing the non-paretic leg. The exercises
performed in a semiseated position were: (1) hip-knee-
ankle flexion; (2) knee extension with ankle dorsiflexion;
and (3) knee flexion beyond 90 degrees. The control group
performed the same exercise for the same duration as the
experimental group, but the reflective side of the mirror
was covered with white fabric. Both the experimental and
the control group performed only non-paretic lower limb
movements during mirror therapy. Participants did not
move their paretic limb. Second, for the balance training in
front of a mirror, a method proposed by Vaillant et al [18]
was modified. The participants performed the following
Figure 1. Study flowchart. CRT Z conventional rehabilitation therapy; MT Z mirror therapy; ST Z sham therapy.
29actions: placing a chair in front of a full-length mirror and
sitting and standing up from the chair, and standing while
keeping feet in parallel back and forth. The control group
performed the identical training in a space without a
mirror.
Outcome measurement
Balance Index
Balance Index (BI) scores were obtained using a balance
measurement system (Balance System SD, Biodex, NY,
USA), which incorporates a specific monitor and a movable
force platform, which provides up to 20 of surface tilt in a
360 range of motion, with a visual feedback system. BIrefers to the participant’s ability to maintain the vertical
axis of the body within a suitable range of the balance
centre of the platform’s angle of tilt. A low BI score implies
excellent balance ability [19].
In evaluation of balance ability, overall index captures
the change of overall movement, anterior/posterior sta-
bility index captures the change on the sagittal plane, and
medial/lateral stability index captures the change on the
frontal plane. That is, the stability index means the
movement change of the platform, where a higher value
indicates more movement during the test.
The BI has a strong internal consistency, and acceptable
intrarater (r Z 0.82) and interrater (r Z 0.70) reliability
[19].
Table 1 General and medical characteristics of partici-
pants (n Z 34).
EG
(n Z 17)
CG
(n Z 17)
t/X2 p
Age (y) 52.4
(7.2)
54.6
(10.2)
0.548 0.453
Height (cm) 165.6
(6.4)
165.3
(7.1)
0.315 0.882
Weight (kg) 65.6
(9.3)
67.7
(6.9)
0.432 0.478
Since onset (mo) 4.7
(1.3)
4.5
(1.1)
0.443 0.663
Sex
(male/female) (n)
8/9 7/10 0.336 0.739
Affected side
(left/right) (n)
8/9 10/7 0.671 0.507
Type of
stroke (ischaemia/
haemorrhage) (n)
12/5 14/3 0.792 0.434
MMSE-K (score) 26.8
(2.2)
26.5
(1.9)
0.427 0.681
CG Z control group; EG Z experimental group; MMSE-
K Z Korean version of the Mini-Mental State Examination.
Values are presented as mean (SD) unless indicated otherwise.
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The general characteristics of the participants were tested
for homogeneity using the independent t test. Paired t tests
were used to verify statistical significance in performances
before and after the experiment. An independent t test was
performed for comparison between groups. The statistical
significance level was set at a Z 0.05.Results
As shown in the summary of clinical and demographic fea-
tures of the sample (n Z 34) in Table 1, there were no
significant differences in the baseline characteristics be-
tween the two groups (p > 0.05). One participant in the
control group gave up the training due to extremely poor
health. Therefore, 17 participants (experimental) and 16
participants (control) in each group completed thisTable 2 Comparison of balance within and between groups (n
EG (n Z 17)
Pre Post CWG Pre
Overalla 5.29 (0.79) 4.32 (1.12) 0.97 (0.59e1.34)* 5.31
A/P 4.42 (0.43) 4.10 (0.51) 0.32 (0.10e0.54)* 4.43
M/La 4.27 (0.42) 3.33 (0.67) 0.94 (0.67e1.21)* 4.06
Values are presented as mean (SD) except for changes within group
tervals).
OverallZ overall stability index; A/PZ anterior and posterior stabil
group; CWG Z changes within groups; EG Z experimental group.
a Significant difference in gains between two groups, p < 0.05.experiment. A significant difference in post-training gains
for the overall stability index and medial and lateral sta-
bility index was observed between the experimental group
and the control group (p < 0.05) (Table 2).
Discussion
This study was conducted to investigate the effect of mirror
therapy on the balance in patients with subacute stroke.
According to the results, the treatment group showed a
significant decrease of degree in overall stability index and
in-and-out stability index after treatment compared to the
control group, implying that mirror therapy is effective in
improving balance ability.
Several underlying mechanisms have been suggested for
the effect of mirror therapy on motor recovery after stroke.
Stevens and Stoykov [20] suggested that mirror therapy is
related to motor imagery and that the mirror provides vi-
sual feedback of the successful performance of the imag-
ined action with the affected limb. Motor imagery itself,
the mental performance of a movement without overt
execution of this movement, has proven to be beneficial in
the rehabilitation of stroke patients [21].
The effect of mirror therapy on brain activity has been
investigated in a number of studies. Galeazzi et al [22]
reported improvement of balance ability in stroke pa-
tients who performed exercise training in front of a full-
length mirror. Lynch [23] argued that instant self-analysis
and correction for the patients are possible, as they visu-
ally confirm their own physical alignment through mirrors.
Su¨tbeyaz et al [17] randomly assigned 40 stroke patients to
a mirror therapy group and a control group. The partici-
pants repeatedly performed dorsiflexion of the ankles with
the non-affected lower limb placed in front of a mirror. In
measurement of their functional ambulation categories,
the mirror therapy group achieved a statistically significant
higher level of improvement in gait ability than the control
group.
Functional magnetic resonance imaging (fMRI) images
related to mirror therapy found that the primary motor
cortex, which is involved in the movements of the other
side extremities, was excited by only observing the moving
extremities in mirrors [24e26]. This finding shows that the
functional organisation of motor systems is achieved not
only by the active movements of the ipsilateral extrem-
ities, but also by passive observation of the movements of
the contralateral extremities [25,26].Z 33) (unit: degree).
CG (n Z 16) t p
Post CWG
(0.87) 5.08 (0.88) 0.23 (0.19e0.45)* 2.155 0.038
(0.45) 4.27 (0.51) 0.16 (0.01e0.31)* 0.983 0.333
(0.44) 3.89 (0.45) 0.17 (0.37e0.30)* 2.816 0.008
s, which are expressed as mean differences (95% confidence in-
ity index; M/L Z medial and lateral stability index; CGZ control
31In another study, Altschuler et al [27] reported that
application of mirror therapy to chronic stroke patients
caused an increase in range of motion and moving speed of
upper limbs, along with minute improvement of task per-
formance ability that uses fingers. Cacchio et al [28], who
applied mirror therapy to stroke patients, reported signifi-
cant improvement of upper limb functions, as indicated by
the Motor Activity Log and Wolf motor function test scores.
Feltham et al [29] showed that visual feedback treatment
using a mirror has positive effects on the bilateral coordi-
nation ability and neuromuscular activity among spastic
hemiplegic patients.
These findings are generally in line with the results of
the current study. As a cognitive intervention method,
mirror therapy causes activation of the frontal or parietal
lobe in the corresponding motor region, an area known as
the mirror neurons, through only observing the behaviour of
others [30].
Among the assumptions regarding the functional role of
mirror neuron, the first one is expressing actions related to
those entered into visual and auditory sense in exercise.
This means understanding of the observed exercise goal and
projecting it in exercise. The ventral premotor cortex and
inferior parietal lobe control these reactions. The second
assumption is about is realising the conceived emotional
situation into motor reaction. Insula and rostral cingulate
control these reactions [30].
Therefore, mirror therapy could play an important role
in learning a new skill or understanding the behaviour of
others, which can be used to motivate stroke patients [17].
Mirror therapy is performed on the non-paralysed side by
moving the limbs of stroke patients; the movement of
paralysed limbs through the reflection in the mirror shows a
visual illusion of normal movement. This method for
treating a brain injury is based on the principle of synaptic
plasticity [17].
The current study has some limitations. First, the small
sample size may have influenced the results. Second, the
absence of follow-up after the end of the mirror therapy
does not allow for determination of the durability of the
effect of this therapy. Third, individual musculoskeletal
and neurologic variations, which is important in patient
evaluation, was not considered. This can be a significant
factor affecting the research results regarding the
improvement of balance ability. Finally, the study does not
include diverse evaluation of the walking ability and inde-
pendent daily routine which are important in quality of life.
Therefore, these results can be generalised to subacute
stroke patients. Further studies, including a long-term
follow-up assessment, are needed to evaluate the long-
term benefits of mirror therapy.Conclusion
Mirror therapy may be beneficial in increasing the balance
ability of subacute stroke patients. The data should be
interpreted with caution due to the small sample size. A
large-scale randomised controlled trial is required in order
to confirm our findings and further evaluate the long-term
effects of mirror therapy in patients after stroke.Conflicts of interest
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